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Abstract
We propose a scheme on the basis of a N+2 identical single-mode coupled-cavity QED
system for selective transfer of a qubit constructed from superposition of standard
coherent states. The cavities arranged in such way that the intermediate or channel
cavity is connected uniformly to the sender and N receiver cavities. We consider N
different ternary sets of identical QDs whose QDs have been distributed in the sender,
channel and one of the receiver cavities respectively. We demonstrate a situation in
which the dynamics of the system is confined selectively in a sub sector belongs to
one of the ternary set of QDs. This selective dynamics is able to transfer the coherent
state-constructed qubit (CSCQ) from the sender party to the desired receiver one reli-
ably. Also, we illustrate that the scheme is optimally robust due to dissipations arises
from photon losses in the cavities.
PACS Nos: 03.65.Ud, 03.65.Fd
Keywords: Selective transfer, Quantum dots, Cavity QED, Coherent states, Dissipa-
tion
1 Introduction
One of important requirement of distributed quantum information processing (QIP) in a
quantum network is the ability to establish correlations between arbitrary distant parties in
order to perform quantum state transfer (QST) between them. Implementing such proto-
cols in the realm of quantum mechanics, needs to many body interacting quantum systems
like spin chains [1] or cavity quantum electrodynamics (QED) systems which each of them
contains an emitter like atom [2]. Coupled cavities not only can be considered as a tool for
∗E-mail:n.behzadi@tabrizu.ac.ir
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observing of quantum cooperative phenomena in strongly correlated many-body systems [3]
but also has potential applications in QIP [4]. Indeed, the system of high-Q cavities and
atoms, or specifically semiconductor quantum dots (QDs) as artificial atoms, in the strong
interaction regime is one of the experimentally realizable systems in which the intrinsic
quantum mechanical coupling dominates losses arisen due to dissipation [2, 5, 6].
Since, in the selective quantum state transfer or quantum routing protocols throughout a
quantum network, the initial state is usually prepared at a node, its transmission to another
node will inevitably be affected by the detrimental dispersion of the wave packet hence, high
quality state reconstruction will be a hard task. Despite to the quantum state transfer along
linear chains, few paper have been devoted to study the selective transfer throughout various
quantum networks. In Ref. [7], routing of quantum information in qubit chains was achieved
by suitably chosen time-dependent local fields acting on the qubits. Multiparty quantum
communication using a spin ring with twisted boundary conditions provided by a magnetic
flux through the ring was presented in [8]. The necessity of engineering of couplings, which
becomes more complicated in perfect routing of a quantum state on an arbitrary path in a
regular network with arbitrary spatial dimension, can be removed by taking quasi-uniform
couplings which leads to obtain perfect state transfer in small regions of a spin network
and tailing these regions to obtain perfect state transfer in the whole system [9, 10]. It
should be noted that it is necessary to study efficient routing protocols that require minimal
engineering and external manipulation. At this stage, Paganelli et al. presented two different
possible implementations of a router that allows quantum state transfer from a sender to a
chosen receiver by means of a resonant coupling mechanism [11]. Also, Ajoy and the coauthor
investigated strategies to achieve perfect quantum information transport in arbitrary spin
networks [12].
On the other hand, in all of these protocol based on spin systems, single spin addressing
is a hard task because the spatial separation between the neighboring spins is very small [13].
Thus, from the implementation point of view, control over interaction parameters between
the spins or over individual spins is almost unfeasibe. However, in a cavity QED system,
individual cavities addressing with optical laser is easily achievable. Also, the interaction of a
cavity and a semiconductor QD, as an artificial atom, can be engineered in such way that the
QD in the cavity has relatively long-lived energy levels suitable for encoding quantum infor-
mation [14]. By keeping these in mind, quantum computation on the basis of superposition
of coherent states as logical qubits (CSCQ), has several advantages [15, 16, 17]. Therefore,
selective transfer of quantum information encoded on a typical CSCQ can be regarded as an
unavoidable task.
In this paper, we introduce a protocol for selective transfer of quantum information in
the form CSCQ using a cavity QED system. We consider N distinct set of QDs for each
set, called as a ternary set, there exist three identical QDs distributed in the sender, channel
and one of the receiver cavities in such way that each of the receiver cavities contains only
one QD. So in this way, there exist N QDs in the sender cavity and N QDs in the channel
one. As illustrated in the text, in the sender cavity (unlike to the condition in the channel
cavity), it is assumed that the field mode has interaction only with one of the QDs however,
this interaction can be switched on to the other QD. In the presence of suitable detuning
between the excitonic modes of various ternary sets and the field mode of the cavities the
dynamics of the system is effectively confined in one the ternary sets of QDs. Switching the
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interaction of the field mode in the sender cavity on to the other QD leads the dynamics of
the system takes place in the other ternary set. This is equivalent to the fact that when a
general CSCQ is prepared on the QDs selected to interact with the filed mode at the sender
party, it can be found reliably on the corresponding QD at the desired receiver party. Finally,
since the effective dynamics of the system is lied in one of the ternary sets of QDs then the
field mode of all of cavities along with the excitonic modes of other QDs are approximately
in their respective vacuum states, suppressing greatly the efficient dissipations arisen from
photon and exciton losses during the state transfer processes [18, 19, 20].
This paper is laid out in the following way. In section 2, we describe the basic properties
of the scheme. In Section 3, we are going to realize the selective transfer of a typical CSCQ
from the sender party to the desired receiver or target party along with an illustration about
the minimal dissipation effects influencing the effective dynamics of the system. The paper
is ended with a brief conclusion.
2 Hamiltonian and dynamics
We consider a cavity QED system with N+2 identical single-mode cavities in which the
central or channel cavity is coupled uniformly to the sender and N receiver cavities via
photon hopping process (for simplicity and without lose of generality, we have depicted a
cavity system with N=2 receivers in Fig. 1). There exist N different ternary sets of QDs
whose QDs have been trapped in sender, channel and one of the receiver cavities in such
way that there exist only one QD in each of the receiver cavities (Fig. 1). It is assumed that
for each of QDs there are a few electrons excited from valance-band to conduction-band and
the excitation density of the Coulomb correlated electron-hole pairs, excitons, in the ground
state is low. Consequently, exciton operators can be approximated with boson operators.
Also, all nonlinear terms including exciton-exciton interactions and the phase-space filling
effect can be neglected. It is also assumed that the ground energy of the excitons in each
QD is the same. The Hamiltonian Under the rotating wave approximation is given by
Hˆi = ~ωs,f aˆ
†
saˆs + ~ωc,f aˆ
†
caˆc + ~
N∑
j=1
ωrj ,fj aˆ
†
rj
aˆrj + ~ωs,ei bˆ
†
si
bˆsi + ~
N∑
j=1
ωc,ej bˆ
†
cj
bˆcj + ~
N∑
j=1
ωrj ,ej bˆ
†
rj
bˆrj
+~
N∑
j=1
(gsi aˆ
†
sbˆsi + gcj aˆ
†
cbˆcj + grj aˆ
†
rj
bˆrj + h.c.) + ~J
N∑
j=1
aˆ†c(aˆs + aˆrj + h.c.), (1)
where the index i = 1, ..., N denotes that the field mode of the sender cavity interacts
selectively only with the ith QD in that cavity. Also, a†s (as), a
†
c (ac) and a
†
rj
(arj ) are
the creation (annihilation) operators for the field modes of the sender, channel and the
jth receiver cavities with frequencies ws,f , wc,f and wrj ,fj respectively. In the same way,
b†si (bsi) is the creation (annihilation) operator for the excitonic mode of the ith QD in
the sender cavity with frequency ws,ei, b
†
cj
(bcj ) and b
†
rj
(brj ) are the creation (annihilation)
operators for the excitonic modes of the jth QD in the channel cavity and the QD in the
jth receiver cavity with frequencies wc,ej and wrj ,ej respectively. On the other hand, for
each selected ternary set denoted by the index i we have always ws,ei = wc,ei = wri,ei and
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gsi = gci = gri (i = 1, ..., N) as shown in Fig. 2. Corresponding to the cavities arrangement,
the uniform coupling strength between the cavities denoted by J , strongly depends on both
of the geometry of the cavities and the actual overlap between adjacent fields of them. We
cansider that ~ = 1, δsi = ωs,ei−ωs,f , δcj = ωc,ej −ωc,f and δrj = ωrj ,ej −ωrj ,fj ; where δsi , δcj
and δrj are the detuning between the excitonic and the field modes in the sender, channel
and each of the receiver parties respectively (Fig. 2). Now, the Heisenberg equations of
motion for the annihilation operators of cavity fields and excitons can be obtained as follows
ˆ˙as = −i(ωs,f aˆs + gsi bˆsi + Jaˆc),
ˆ˙
bsi = −i(ωs,ei bˆsi + gsiaˆs),
ˆ˙ac = −i
(
ωc,f aˆc +
N∑
j=1
gcj bˆcj + J(aˆs +
N∑
j=1
aˆrj )
)
, (2)
ˆ˙
bcj = −i(ωc,ej bˆcj + gcj aˆc), j = 1, 2, 3, ..., N,
ˆ˙arj = −i(ωrj ,fj aˆrj + grj bˆrj + Jaˆc), j = 1, 2, 3, ..., N,
ˆ˙
brj = −i(ωrj ,ej bˆrj + grj aˆrj ), j = 1, 2, 3, ..., N.
By using the Ref. [21], this system of linear first order differential equations can be solved
numerically. The solution of the (2) gives the explicit form for each of the operators, for
example, bˆsi is obtained as
bˆsi(t) = us,f(t)aˆs(0) + us,ei(t)bˆsi(0) + uc,f(t)aˆc(0)
+
N∑
j=1
(
uc,ej(t)bˆcj (0) + urj ,fj(t)aˆrj (0) + urj ,ej(t)bˆrj (0)
)
. (3)
From the unitarity of the time evolution process, it is concluded that
|us,f(t)|2 + |us,ei(t)|2 + |uc,f(t)|2 +
N∑
j=1
(|uc,ej(t)|2 + |urj ,fj(t)|2 + |urj,ej(t)|2) = 1, (4)
which returns to the fact that the relation [bˆsi(t), bˆ
†
si
(t)] = 1 holds for all of times. Let us
consider two coherent states |α〉 and | − α〉 with coherent amplitude |α| and the overlap of
them as 〈−α|α〉 = e−2|α|2 . We identify the two coherent states as basis states for logical
qubit as
|0〉L := |α〉, |1〉L := | − α〉. (5)
A properly normalized qubit constructed by superposition of coherent states |α〉 and | − α〉
called in abbreviate form as CSCQ, is given by
|Q(α)〉 = 1√
Nα
(µ|α〉+ ν| − α〉), (6)
where Nα = |µ|2 + |ν|2 + e−2|α|2(µν∗ + µ∗ν) is the normalization factor, and µ and ν are
complex numbers. We expect that the scheme could provide the transfer a of typical CSCQ
prepared on the excitonic mode of the QD which has interaction with the field of the sender
cavity, to the desired receiver reliably.
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3 Selective transfer of a typical CSCQ
As mentioned in the previous section, selective transferring a CSCQ from the sender of a
network to an arbitrary receiver is our demanded protocol in this paper (see Fig. 1). The
performance of the method depends on the restricting the dynamics of the system arbitrarily
to each of the N ternary sets of QDs corresponding to finding the transmitted state in the
respective receiver. For this end, we assume arbitrarily that (see Fig. 1) the ith QD in
the sender cavity interacts with the field mode of the cavity and so we prepare a CSCQ, as
|Q(α)〉 in Eq. 6, on the excitonic mode of that QD as
|ψ(0)〉 = 1√
Nα
|0〉s,f ⊗ (µ|α〉+ ν| − α〉)s,ei ⊗ |0〉c,f
⊗ |0〉c,e1 ⊗ ...⊗ |0〉c,eN ⊗ |0〉r1,f1 ⊗ ...⊗ |0〉rN ,fN ⊗ |0〉r1,e1 ⊗ ...⊗ |0〉rN ,eN ,
(7)
where |α〉s,ei is a standard coherent state defined as
|α〉s,ei := eαbˆ
†
si
(0)−α∗ bˆsi (0)|0〉s,ei. (8)
The time evolution of the initial state of the system is obtained as
|ψ(t)〉 = Uˆi(t) |ψ(0)〉 = 1√
Nα
(µeαbˆ
†
si
(t)−α∗ bˆsi(t) + νe−αbˆ
†
si
(t)+α∗ bˆsi (t)) |0〉s,f ⊗ |0〉s,ei ⊗ |0〉c,f
⊗ |0〉c,e1 ⊗ ...⊗ |0〉c,eN ⊗ |0〉r1,f1 ⊗ ...⊗ |0〉rN ,fN ⊗ |0〉r1,e1 ⊗ ...⊗ |0〉rN ,eN , (9)
where Uˆi(t) is the time evolution operator generated by the Hamiltonian Hˆi. Note that in
obtaining the Eq. 9, we have used the relations: Uˆi(t)Oˆ(0)Uˆ
†
i (t) = Oˆ(t) and Uˆi(t) |0〉 = |0〉
with
|0〉 := |0〉s,f ⊗ |0〉s,ei ⊗ |0〉c,f
⊗ |0〉c,e1 ⊗ ...⊗ |0〉c,eN ⊗ |0〉r1,f1 ⊗ ...⊗ |0〉rN ,fN ⊗ |0〉r1,e1 ⊗ ...⊗ |0〉rN ,eN .
(10)
As mentioned previously, the important condition for restricting the dynamics in a ternary
set, leading to transfer the state to the desired party, is that the N ternary sets are completely
different with each others in energy band gap and coupling strength to the field mode of
cavities (see Fig. 2). So we expect that after a certain time, namely t∗, the prepared CSCQ
at the sender party should be transferred with high fidelity to the QD at the ith receiver
party, i. e.
|ψ(t∗)〉 = 1√
Nα
|0〉s,f ⊗ |0〉s,ei ⊗ |0〉c,f ⊗ |0〉c,e1 ⊗ ...⊗ |0〉c,eN
⊗ |0〉r1,f1 ⊗ ...⊗ |0〉rN ,fN ⊗ |0〉r1,e1 ⊗ ...⊗ (µ|α〉+ ν| − α〉)ri,ei ⊗ ...⊗ |0〉rN ,eN .
(11)
This situation explicitly depends of the fact that from Eq. 3, we should obtain, at a certain
time t∗, the following equation as
bˆsi(t
∗) = bˆri(0), (12)
5
which means that |uri,ei(t∗)|2 = 1, i.e. the prepared state has been transferred to the ith
receiver. By using this method, selective transfer of quantum state in the form of CSCQ is
obtained numerically for systems with N = 2, 3, 4 (see Fig. 2, 3, 4, 5, 6, 7, 8, 9, 10, 11). It
is evident that during the time t ∈ [0, t∗], we have |us,ei(t)|2+ |uri,ei(t)|2 ≃ 1, means that the
effective dynamics of the system relies within the ith ternary set of QDs and so the excitonic
modes of other QDs are almost at their respective vacuum states. It is expected that the
method can work for systems with higher N . On the other hand, let us consider the total
population of the field mode of cavities in the network as below
F (t) = |us,f(t)|2 + |uc,f(t)|2 +
N∑
i=1
|uri,fi(t)|2, (13)
where this quantity is related directly to the average number of photons as follows
n¯ =
N∑
i=1
〈ψ(t)|(aˆ†saˆs + aˆ†caˆc + aˆ†ri aˆri)|ψ(t)〉 =
|α|2
(
|µ|2 + |ν|2 − e−2|α|2(µν∗ + µ∗ν)
)
F (t)
|µ|2 + |ν|2 + e−2|α|2(µν∗ + µ∗ν) . (14)
As it is evident from the Fig. 3, ..., 11, F (t) takes a small values during the transfer process
which in turn, leads to the vanishing amount of the average number of photons protecting
against dissipations via the decay in the cavities [18, 19, 20]. Consequently, we obtain an
optimal dynamics for our proposed systems that not only performs the selective state transfer
process reliably but also is robust due to the various dissipations.
4 Conclusions
We have presented a protocol for selective transfer of quantum information in the form of a
general CSCQ reliably throughout a system of N + 2 cavities. The sender and N receiver
cavities are connected to the channel cavity through the uniform coupling arises from photon
hopping. Three identical QDs of each of N different ternary set have been distributed in
the sender, channel and one of the receiver cavities in such a way that there exist only
one QD in each of the receiver cavities. The selective dynamics, without dispersion, leads
to reliable transferring a CSBQ from the sender to the desired receiver. Also, since the
effective dynamics of the system is always confined within only one of the N ternary sets
of QDs, the field modes of cavities and the remainder excitonic modes are almost at their
respective vacuum states, suppressing greatly efficient dissipation of the system during the
state transfer processes.
6
References
[1] S. Bose, Phys. Rev. Lett. 91 (2003) 207901.
[2] J. I. Cirac, P. Zoller, H. J. Kimble, and H. Mabuchi, Phys. Rev. Lett. 78 (1997) 3221.
[3] M. Hartmann, F.G.S.L. Brandao, M.B. Plenio, Nat. Phys. 2 (2006) 849.
[4] C.D. Ogden, E.K. Irish, M.S. Kim, Phys. Rev. A 78 (2008) 063805.
[5] K. Hennessy, A. Badolato, M. Winger, D. Gerace, M. Atature, S. Gulde, S. Falt, E.L.
Hu, A. Imamoglu, Nature 445 (2007) 896.
[6] G. Khitrova, H.M. Gibbs, M. Kira, W. Kochs, A. Scherer, Nat. Phys. 2 (2006) 81.
[7] D. Zueco, F. Galve, S. Kohler and P. Ha¨nggi, Phys. Rev. A 80 (2009) 042303.
[8] S. Bose, B.-Q. Jin and V. E. Korepin, Phys. Rev. A 72 (2005) 022345.
[9] P. J. Pemberton-Ross, and Alastair Kay, Phys. Rev. Leet. 106 (2011) 020503.
[10] V. karimipour, M. Sarmadi Rad, and M. Asoudeh, Phys. Rev. A 85 (2012) 010302(R).
[11] S. Paganelli, S. Lorenzo, T. J. G. Apollaro, F. Plastina and G. L. Giorgi, Phys. Rev. A
87 (2013) 062309.
[12] A. Ajoy and P. Cappellaro, Phys. Rev. B 87 (2013) 064303.
[13] P.B. Li, Y. Gu, Q.H. Gong, G.C. Guo, Phys. Rev. A 79, (2009) 042339.
[14] B. F. C. Yabu-uti, J.A. Roversi, Quantum Inf. Process 12, (2013) 189.
[15] S. Glancy, H.M. de Vasconcelos, J. Opt. Soc. Am. B 25, (2008) 712.
[16] H. Jeong, M.S. Kim, Phys. Rev. A 65, (2002) 042305.
[17] T.C. Ralph, A. Gilchrist, G.J. Milburn, W.J. Munro, S. Glancy, Phys. Rev. A 68, (2003)
042319.
[18] C. D. Ogden, E. K. Irish, and M. S. Kim, Phys.Rev. A 78 (2008) 063805.
[19] S. B. Zheng and G. C. Guo, Phys. Rev. Lett 85 (2000) 2392.
[20] J. Majer et al., Nature (London) 449 (2007) 443.
[21] C. H. Edwards and D. E. Penney, Elementary Differential Equations with Boundary
Value Problems (Pearson UK 2007).
7
Figure Captions
• Fig. 1. Illustrating the selective transfer of a CSCQ in a cavity-QD system with two
receivers. Two different ternary sets of QDs have been trapped in the sender, channel
and receiver cavities. (a) Time evolution of the system under the Hamiltonian Hˆ1
transfers the prepared CSCQ to the r1. (b) Time evolution under the Hamiltonian Hˆ2
transfers the prepared CSCQ to the r2. If two ternary set are identical the dynamics
under Hˆ1 and Hˆ2 are identical and the protocol does not work and the excitonic modes
of QDs at the receives become to be entangled with each other.
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Figure 1:
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Figure 2:
Figure Captions
– Fig. 2. Illustration of the structure of the ternary sets of QDs. (a) The first
ternary set colored by red for which gs1 = gc1 = gr1 and δs1 = δc1 = δr1. (b) The
second ternary set colored by green for which gs2 = gc2 = gr2 and δs2 = δc2 = δr2 .
It should be noted that the relations gs1 6= gs2 and δs1 6= δs2 must be hold in such
way that time evolution under Hˆ1 transfer the prepared CSCQ to the receiver r1
and under Hˆ2 transfer the state to the receiver r2.
10
0 5000 10000 15000
0
0.2
0.4
0.6
0.8
1
1.2
1.4
Time
Po
pu
la
tio
ns
 
 
F
Us
Ur1
Ur2
Figure 3:
Figure Captions
– Fig. 3. Transferring a CSCQ from sender to the receiver r1 for the system with
N = 2 receivers depicted in Fig. 1. The corresponding ternary set is denoted
by gs1 = gc1 = gr1 = 60, δs1 = δc1 = δr1 = 500 (in units of J). F is the
total populations of the field modes as introduced in Eq. 13, Us = |us,e1(t)|2,
Ur1 = |ur1,e1(t)|2 and Ur2 = |ur2,e2(t)|2 are the populations of the excitonic modes
of QDs at the sender, receivers r1 and r2 respectively. It is observed that at a
certain time t∗, Ur1 = |ur1,e1(t∗)|2 ≃ 1 which means that the time evolution under
the Hamiltonian Hˆ1 transfers the CSCQ from the sender to the receiver r1 reliably.
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Figure 4:
Figure Captions
– Fig. 4. Transferring a CSCQ from sender to the receiver r2 for the system shown
in Fig. 1. The corresponding ternary set is characterized by gs2 = gc2 = gr2 = 61,
δs2 = δc2 = δr2 = 600 (in units of J). At a certain time t
∗, Ur2 = |ur2,e2(t∗)|2 ≃ 1
which means that the time evolution under the Hamiltonian Hˆ2 transfers the
CSCQ from the sender to the receiver r2 reliably.
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Figure 5:
Figure Captions
– Fig. 5. Transferring a CSCQ from sender to the receiver r1 for a system with
N = 3 receivers. The corresponding ternary set is denoted by gs1 = gc1 = gr1 = 60,
δs1 = δc1 = δr1 = 500 (in units of J). F is the total populations of the field modes,
Us = |us,e1(t)|2, Ur1 = |ur1,e1(t)|2, Ur2 = |ur2,e2(t)|2 and Ur3 = |ur3,e3(t)|2 are the
populations of the excitonic modes of QDs at the sender, receivers r1, r2 and r3
respectively. For a certain time t∗, Ur1 = |ur1,e1(t∗)|2 ≃ 1 which shows that the
time evolution under the Hamiltonian Hˆ1 transfers the CSCQ from the sender to
the receiver r1 reliably.
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Figure Captions
– Fig. 6. Transferring a CSCQ from sender to the receiver r2 for the system with
N = 3 receivers. The corresponding ternary set is denoted by gs2 = gc2 = gr2 = 61,
δs2 = δc2 = δr2 = 600 (in units of J). For a certain time t
∗, Ur2 = |ur2,e2(t∗)|2 ≃ 1
which shows that the time evolution under the Hamiltonian Hˆ2 transfers the
CSCQ from the sender to the receiver r2 reliably.
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Figure 7:
Figure Captions
– Fig. 7. Transferring a CSCQ from sender to the receiver r3 for the system with
N = 3 receivers. The corresponding ternary set is denoted by gs3 = gc3 = gr3 = 62,
δs3 = δc3 = δr3 = 700 (in units of J). At time t
∗, Ur3 = |ur3,e3(t∗)|2 ≃ 1 which
shows that the time evolution under the Hamiltonian Hˆ3 transfers the CSCQ from
the sender to the receiver r3 reliably.
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Figure 8:
Figure Captions
– Fig. 8. Transferring a CSCQ from sender to the receiver r1 for a system with
N = 4 receivers. The corresponding ternary set is denoted by gs1 = gc1 = gr1 = 60,
δs1 = δc1 = δr1 = 500 (in units of J). F is the total populations of the field
modes, Us = |us,e3(t)|2, Ur1 = |ur1,e1(t)|2, Ur2 = |ur2,e2(t)|2, Ur3 = |ur3,e3(t)|2 and
Ur4 = |ur4,e4(t)|2 are the populations of the excitonic modes of QDs at the sender
and receivers r1, r2, r3 and r4 respectively. At the time t
∗, Ur1 = |ur1,e1(t∗)|2 ≃ 1
which certifies that the time evolution under the Hamiltonian Hˆ1 transfers the
CSCQ from the sender to the receiver r1.
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Figure 9:
Figure Captions
– Fig. 9. Transferring a CSCQ from sender to the receiver r2 for the system with
N = 4 receivers. The corresponding ternary set is denoted by gs2 = gc2 = gr2 = 61,
δs2 = δc2 = δr2 = 600 (in units of J). At the time t
∗, Ur2 = |ur2,e2(t∗)|2 ≃ 1 which
indicates that the time evolution under the Hamiltonian Hˆ2 transfers the CSCQ
from the sender to the receiver r2 reliably.
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Figure 10:
Figure Captions
– Fig. 10. Transferring a CSCQ from sender to the receiver r3 for the system with
N = 4 receivers. The corresponding ternary set is denoted by gs3 = gc3 = gr3 = 62,
δs3 = δc3 = δr3 = 700 (in units of J). At t
∗, Ur3 = |ur3,e3(t∗)|2 ≃ 1 which grantees
that the time evolution under the Hamiltonian Hˆ3 transfers the CSCQ from the
sender to the receiver r3.
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Figure 11:
Figure Captions
– Fig. 11. Transferring a CSCQ from sender to the receiver r4 for the system with
N = 4 receivers. The corresponding ternary set is denoted by gs4 = gc4 = gr4 = 63,
δs4 = δc4 = δr4 = 800 (in units of J). At time t
∗, Ur4 = |ur4,e4(t∗)|2 ≃ 1 which
ensures that the time evolution under the Hamiltonian Hˆ4 transfers the CSCQ
from the sender to the receiver r4 reliably.
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